A large number of evidences indicate that progression of HIV disease is driven by an increase in viral burden. It is still unclear, however, to what extent this is contributed by the dysregulation of the molecular mechanisms governing virus gene expression at the transcriptional or posttranscriptional levels.
Introduction
During the natural history of clinical HIV infection, progression of the disease is paralleled by an increase of the amounts of infectious virus, viral antigens, and virus-specific nucleic acids in the patients. In general agreement with this notion are a number of studies that measured the viral load in serum by quantitative virus culture or quantitative polymerase chain reaction, the number of infected cells in peripheral blood and lymph nodes by PCR or by in situ methods, and the levels of HIV antigenemia by immunologic procedures (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) .
In particular, the study of virus-specific mRNAs in peripheral blood mononuclear cells (PBMCs) 1 by reverse transcriptase-PCR (RT-PCR) led to the conclusion that a strong correlation exists between cellular HIV mRNA levels and the clinical course of the disease (9, (13) (14) (15) , often independently of CD4 ϩ counts and clinical staging (16) . Despite the overall agreement on these observations, it is still not clear whether the increased presence of virus-specific mRNAs in lymphoid cells of advanced stage infected patients reflects an increased expression rate of the provirus, as suggested by some observations (2, 9) , or merely the expansion of the pool of infected cells (14) . In fact, while a number of evidences clearly indicate the existence of a true latency state of viral gene expression in experimental settings (17) (18) (19) , it is still debatable whether a role for latency exists in controlling the progression of the clinical infection (20) (21) (22) .
Similarly, it is still not clear what is the role of the regulation of posttranscriptional processing of HIV-1 mRNAs in the progression of the disease. In HIV-1-infected cells, Ͼ 20 different viral mRNAs are synthesized, deriving from a single full length messenger by multiple alternative splicing events (23, 24) . Either during the infection of susceptible cell cultures (25, 26) or in cellular systems in which transcription is inducible (17, 18), a temporal regulation of the synthesis of these transcripts is detectable: initially, short transcripts are prevalent, encoding for regulatory proteins; subsequently, intermediate mRNAs (mostly coding for the Env proteins) and unspliced mRNA ( Gag / Pol and viral genome) accumulate.
These experimental observations suggested that the pattern of production of viral transcripts could be linked to the development of infection also in vivo and could represent a marker of disease progression (27) . However, controversial results have been obtained by measuring transcript classes in infected individuals: the finding that multispliced RNAs could be prevalent at early times of the disease while unspliced RNAs could predominate at later times, similar to the in vitro infection (6, 9, 15, 28, 29) , has been questioned by other studies showing instead direct correlation between the two mRNA species during the whole course of the disease (13, 16) . Some of the still unresolved issues (and discrepancies) in the results obtained by the above mentioned studies are possibly due to the different methods used for the quantification of HIV nucleic acids in infected samples. In fact, these measurements are often possibly hindered by the poor quantitative outcome of conventional PCR amplification.
In recent years, we have developed and extensively applied a competitive PCR technology for the exact quantitation of low abundance nucleic acids in clinical samples (30) (31) (32) (33) (34) (35) , including HIV DNA and RNA in different clinical settings (36) (37) (38) (39) (40) (41) . Competitive PCR and RT-PCR (using internal DNA and RNA competitors, respectively) couple the sensitivity of conventional PCR to the accuracy that is necessary for the exact quantification of the target molecules, irrespective of sample nucleic acid purity, primer pair efficiency and specificity, or amplification kinetics profile. In particular, we have recently developed a multicompetitive procedure for the quantification of several virologic parameters in samples from HIV-infected patients, including viremia, levels of provirus DNA, and different classes of HIV mRNAs in infected cells (37) . This procedure also allows the exact standardization of the proviral DNA levels to the copy number of the ␤ -globin gene, and those of the viral mRNAs to the levels of the ubiquitously expressed ␤ -actin gene mRNA.
To understand the role of the regulation of virus gene expression in the progression of the disease, we have now determined the above mentioned quantitative virologic parameters in 11 patients with nonprogressive HIV infection. These patients fit the definition of long term nonprogressors (LTNPs), as they belong to the small subset of HIV-1-infected persons (5-8% of the total) who tolerate infection without immunosuppression of disease for prolonged periods (42) (43) (44) (45) (46) (47) . The study of the immunologic features of these individuals and of the properties of their viral strains holds great promise for the understanding of the cellular and molecular correlates that determine disease progression. In occasional cases, defective viruses have been detected from LTNPs (48, 49) ; in other studies, these individuals were found to be characterized by the presence of robust cellular and humoral immune responses against HIV (50) (51) (52) (53) . In all cases, the most prominent feature of these individuals is the presence of a highly diminished viral load.
At present, the kinetics of replication of HIV-1 in the lymphoid cells of these individuals, with particular reference to the mechanisms controlling virus gene expression at the transcriptional and posttranscriptional levels, is still unexplored.
Methods
Patients. HIV-1-infected individuals were selected among the patients followed at the Division of Medical Oncology and AIDS, Centro di Riferimento Oncologico. LTNP patients were defined as individuals having documented HIV-1 infection for Ն 7 yr, CD4 ϩ cell counts of Ͼ 500 cells/mm 3 and/or Ͼ 30%, without any decline Ͼ 15% during this time period, and no symptoms related to HIV-1 infection. None of these patients had ever received antiretroviral therapy. Of the 11 LTNPs included in this study, 9 had been infected for Ն 9 yr (Table I ). The LTNP group was contrasted with a matched group of immunologic progressors, defined as patients having documented HIV-1 infection for Ն 7 yr, with a CD4 ϩ cell count Ն 500/mm 3 and/or Ͼ 30% at the time of diagnosis and with the occurrence of an AIDSdefining condition not before 7 yr from this time. These patients did not receive antiretroviral therapy for at least 4 wk before sampling. The disease stage and the CD4 ϩ cell counts of these patients at the time of the study are shown in Table I . DNA and RNA extraction. PBMCs were obtained by FicollHypaque gradient centrifugation from 10 ml of EDTA-collected blood. DNA was extracted from frozen cellular pellets according to standard procedures (54) . Viral RNA was extracted from the virion pellet obtained after ultracentrifugation (40,000 rpm on an SW41t rotor for 60 min; Beckman Instruments, Fullerton, CA) of 5 ml plasma (38, 40) , according to the guanidinium thiocyanate procedure (55) . Cellular RNA was extracted from frozen cellular pellets by cell lysis in solution D according to the guanidinium thiocyanate procedure (55) .
Primers and competitor. Plasmid pSPLI-II was used as a competitor for the competitive PCR determination of the copy number of HIV-1 proviral DNA and of the reference single-copy ␤ -globin gene in DNA samples, while the in vitro transcription product from plasmid pSPLI-II was used for the RT-PCR quantification of HIV-1 genomic RNA in serum, of HIV-1 viral mRNAs, and of the cellular ␤ -actin mRNA in cellular RNA samples. The construction (37) and the use (38, 40) of this multicompetitor plasmid for the quantitation of HIV-1 nucleic acids have already been described; a schematic representation of the insert of this plasmid is shown in Fig. 1 B . Briefly, this insert contains four HIV-1 oligonucleotide sequences (primers 1, 2II, 3, and 5) arranged to produce amplification products that are different in size (and hence recognizable by resolution by polyacrylamide gel electrophoresis) from those deriving from the viral templates. Primer 1 (nucleotides 246-273 of the hivlai ; Los Alamos National Laboratory file, Los Alamos, NM) is localized immediately downstream of the 5 Ј LTR sequence, primer 2II (nucleotides 463-438) at the 5 Ј end of the gag gene, and primer 5 (nucleotides 8021-8000) at a 3 Ј position with respect to the 3 Ј -most splice acceptor site of the HIV-1 full length mRNA (Fig. 1 A ) . Amplification with primer pair 1-2II detects HIV-1 proviral DNA in infected cell DNA samples, unspliced viral mRNAs on cellular mRNA samples, and HIV-1 genomic RNA on virion RNA samples. Amplification with primer pair 1-5 detects multispliced HIV-1 mRNAs in cellular RNA samples.
Additionally, plasmid pSPLI-II also contains two competitor segments for cellular ␤ -actin mRNA (32) and ␤ -globin DNA (31) copy number determination, using primer pairs PCO3 and PCO4, and BA1 and BA4, respectively. These competitor segments contain a perfect match to the respective target sequences, except for the addition of 20 extra bp in the middle.
For the DNA competition experiments, a preparation of plasmid pSPLI-II was accurately quantified by spectrophotometry, linearized by digestion at the KpnI site, and an aliquot was diluted and directly used as a competitive template.
For the competitive RNA experiments, the competitor RNA was obtained by in vitro run-off transcription from 50 ng of plasmid pSPLI-II after linearization with KpnI. The in vitro transcription reaction was performed using a T7 RNA polymerase-based commercial kit (Promega Corp., Madison, WI), with the addition of 2 l [ 32 P]UTP (3,000 Ci/mmol, 10 mCi/ml; Amersham International, Little Chalfont, UK) to the reaction mix, corresponding to 2.07 ϫ 10 7 cpm, as experimentally evaluated by Cerenkov counting. After completion of the transcription reaction, the template DNA was removed by DNase I digestion followed by purification of the newly synthesized RNA by denaturing polyacrylamide gel electrophoresis and elution from the gel. An aliquot of the purified competitor RNA preparation was measured in a ␤ counter and, according to the U content of the transcript, its concentration was evaluated from the final specific activity, as already described (32, 33) .
Competitive PCR and RT-PCR. Competitive PCR for the quantification of HIV-1 and ␤ -globin gene copy number was carried out on 1 l of sample DNA with the addition of increasing concentrations of the pSPLI-II competitive template, in 100 l of PCR buffer (50 mM KCl, 10 mM Tris-HCl, 2 mM MgCl 2 ) containing the two primers (100 pmol each), the four dNTPs (200 M each), and 2.5 U of Taq DNA polymerase (Perkin-Elmer Cetus Instruments, Emeryville, CA). Samples were submitted to 50 cycles of amplification with the following cycle profile: denaturation at 95 Њ C for 30 s, annealing at 60 Њ C (for both primer sets 1-2II and ␤ -globin) for 30 s, and extension at 72 Њ C for 30 s. Before PCR analysis, DNA samples and KpnI-digested linearized pSPLI-II competitor were heated to 95 Њ C for 5 min to ensure complete denaturation.
For the RNA quantification experiments, the extracted RNA was reverse transcribed in the presence of the antisense oligonucleotides specific for each class of transcripts. Each reaction contained 1 l of test RNA sample and 3 l of RNA competitor (the pSPLI-II in vitro transcription product, opportunely diluted) in 20 l of reverse transcription mix, composed of 75 mM KCl, 50 mM Tris-HCl, pH 8.3, 3 mM MgCl 2 , 0.4 mM each dNTP (Pharmacia LKB Biotechnology, Uppsala, Sweden), 2 mM antisense primer, 400 U MMLV-RT (Promega Corp.), 20 U RNasin (Promega Corp.). RNA was preheated at 65 Њ C for 5 min and incubated with the reaction mix at 37 Њ C. After 1 h, the reaction was stopped by incubation at 95 Њ C for 5 min and samples were cooled on ice. The 20-l reverse transcription reaction was then diluted in PCR buffer to a final volume of 100 l, containing 100 pmol both primers, 200 M of the four dNTPs each, and 2.5 U of Taq DNA polymerase. Samples were submitted to 50 cycles of amplification with the following cycle profiles: denaturation at 95 Њ C for 30 s, annealing at 60 Њ C (primer sets 1-2II, 1-5, and ␤ -actin) for 30 s, extension at 72 Њ C for 30 s.
After amplification, 15 l of each PCR product were resolved on an 8% nondenaturing polyacrylamide gel, visualized under ultraviolet light after ethidium bromide staining and photographed. Quantification of the amplification product was obtained by densitometric scanning of the ethidium bromide-stained gels.
Statistical analyses. Statistical analyses were done using the StatView 4.5 statistical software package for the Macintosh (Abacus Concepts, Inc., Berkeley, CA).
Results
11 individuals with long term nonprogressive HIV infection (LTNPs; see Methods for definition) were included in this study. Some of the clinical and immunological features of these individuals are reported in Table I , including age (mean age: 32 yr), sex, and probable route of infection. They had an average time of documented infection of 9.0 yr (range 7-10 yr), and mean CD4 ϩ cells count of 841.6 cells/mm 3 (SD 348.6 cells). A detailed analysis of the immunological profile and of this group of LTNPs has already been presented elsewhere (56) . Here, we describe the quantitative virologic features of HIV infection in these individuals, and contrast them with those found in 12 matched patients (Table I) having the same age and the same period of documented HIV infection (mean 8.9 yr, range 7-10 yr) and with clear progression of the disease (CD4 ϩ cell counts: mean 57.7 cells/mm 3 , SD 66.6 cells). Several quantitative virologic parameters (including viremia, proviral DNA copy number, and levels of unspliced and multispliced mRNAs in peripheral blood mononuclear cells, as schematically shown in Fig. 1 C ) were determined in these patients by a multiple competitive PCR procedure (37) . By taking advantage of the use of a single multicompetitor molecule, this procedure permits the exact quantification of the relative abundance of different DNA and RNA species. The competitor for these quantifications is plasmid pSPLI-II (Fig. 1 B ) acting as a competitive template for the determination of HIV-1 proviral DNA and cellular ␤ -globin gene copy numbers in DNA samples, and its in vitro transcription product, allowing the quantification of HIV-1 unspliced, single-spliced, and unspliced HIV-1 transcripts and of cellular ␤ -actin mRNA in cellular mRNA samples. Quantification of multispliced transcripts is performed by using the prevalent transcript coding Competitive RT-PCR was performed on RNA samples using the in vitro transcription product of pSPLI-II and primer sets 1-2II (viremia in plasma RNA samples and genomic length mRNA in cellular samples), 1-5 (multispliced Rev mRNA in cellular samples), and BA1-BA4 (␤-actin in cellular samples). In all cases, a fixed amount of sample DNA or RNA was mixed with increasing amounts of DNA or RNA competitor, respectively, and submitted to PCR or RT-PCR. After amplification, the PCR products were resolved by polyacrylamide gel electrophoresis, stained by ethidium bromide, and the bands corresponding to the PCR products for the competitor and the template were quantified by densitometric scanning. The ratio between competitor and target (shown at the bottom of the gels for the lanes where both the species were detectable) reflects the ratio between the two species at the beginning of the reaction. M, molecular weight marker; molec., molecules. Arrows indicate HIV-specific bands; in the case of multispliced transcripts, several products are detectable; the one used for quantification corresponds to a cDNA coding for Rev (see reference 37).
for the Rev protein as an estimate for all the transcripts in this class. The use of internal standards for the quantification of total extracted DNA ( ␤ -globin) and RNA ( ␤ -actin) appears very important for these quantitative evaluations, since the total amount of extracted nucleic acids from clinical samples is often very variable. We have already used this procedure to study the regulation of HIV-1 gene expression in in vitro-infected experimental models (37) and to monitor viral load in HIV-1-infected patients (38, 40, 41) .
Viral load. The levels of HIV-1 viremia were determined by competitive RT-PCR amplification of RNA extracted from virion pellets using the in vitro-transcribed RNA product of plasmid pSPLI-II and primer set 1-2II (Fig. 1 A ) . The values obtained are reported in Table II , where they are expressed as viral RNA molecules per milliliter of plasma. The distribution of these values in the two categories of patients is graphically shown in Fig. 2 A . The threshold for detection by competitive RT-PCR was of one molecule in 25 l of extracted RNA (corresponding to 40 viral RNA molecules per milliliter). Viral RNA resulted at undetectable levels in four patients with nonprogressive infection; these samples are indicated by an arrow pointing down in Fig. 2 A . For statistical analysis, HIV RNA concentration in the samples was considered 10 ϫ less abundant than the threshold limit, considering that a Ͻ 10-fold difference between competitor and sample would have been detected in the competitive PCR assay (30, 33) . ; P Ͻ 0.0001 in the Mann-Whitney nonparametric test for unpaired groups).
The amount of HIV-1 proviral DNA copies in PBMCs from the two groups of patients was determined by the quantification of viral DNA and of the ␤-globin cellular DNA copy numbers in extracted DNA samples. Proviral DNA copy numbers are reported in Table II , where they are expressed as relative to the total number of mononuclear cells (as evaluated by ␤-globin gene quantification) or by taking into account also the number of circulating CD4ϩ cells, considering that these cells are the targets for HIV infection. The distribution of HIV provirus DNA in CD4ϩ cells is shown in Fig. 2 B for the two groups of patients. The mean value of proviral DNA copies in CD4ϩ cells from nonprogressor patients was of 0.012 molecules/CD4ϩ cell, SD 0.019; range 0.001-0.066), corresponding to 1 provirus for every 83 CD4ϩ cells. In progressor patients, the mean value of provirus DNA copies was of 4.00 molecules per CD4ϩ cell (SD 5.08; range 0.2-15; P Ͻ 0.0001). This estimate indicates that virtually all the circulating CD4ϩ cells harbor HIV viral genomes in patients with progressed infection. It should be observed that the quantification of HIV provirus by the selected primers detects both integrated and episomal DNA.
Taken together, the data obtained by the quantification of the levels of viremia and of provirus copy number in PBMCs support the notion that viral load is highly augmented in patients progressing toward overt HIV disease. Paired comparison of the levels of viremia and of the provirus copy number in the total sample population shows that these two measurements are very well correlated (nonparametric Spearman rank correlation test, P Ͻ 0.001). Thus, the combined use of these two variables depicts two distinct patient populations (progressor and nonprogressor) clearly distinguishable by different viral load. Expression of viral mRNAs. The finding that viral load is highly increased in patients progressing in HIV disease with respect to nonprogressing individuals (Ͼ 3,000ϫ for viremia and Ͼ 400ϫ for provirus copy number) predicts an increased rate of virus replication in the former group of patients. This should be reflected by the presence of an increased number of virus-specific transcripts in cellular RNA samples. Therefore, we quantitatively determined the levels of viral mRNAs belonging to the unspliced and multispliced classes in cellular RNA samples obtained from peripheral blood cells from the two groups of patients. The results are presented in Table II , where the measurements of two transcript classes are expressed as relative to ␤-actin mRNA levels (i.e., viral RNAs in the total RNA sample), or are expressed as relative to the expected ␤-actin mRNA levels in CD4ϩ cells only (first two columns for each transcript class). The latter measurements are graphically shown in Fig. 3, A and B, respectively. The levels of both HIV multispliced and unspliced transcripts were clearly higher in progressor patients. The mean value for short transcripts was 1.5 ϫ 10 Ϫ3 Rev mRNA molecules/␤-actin molecule in nonprogressors (SD 3.0 ϫ 10
Ϫ3
) and 5.0 ϫ 10 Ϫ2 molecules in progressor patients (SD 6.5 ϫ 10 Ϫ2 ; P Ͻ 0.001, Mann-Whitney rank test). The difference between the mean values obtained for the two groups of patients for multispliced transcripts (Ͼ 30-fold) was even greater for the mRNA of genomic length. This transcript was found in peripheral blood CD4ϩ cells at a frequency of 4.6 ϫ 10 Ϫ3 molecules/ ␤-actin molecule in nonprogressors (SD 7.0 ϫ 10 Ϫ3 ) and 3.76 molecules/␤-actin molecule in progressor patients (SD 4.33; P Ͻ 0.001, Mann-Whitney rank test; Ͼ 800ϫ difference between the mean value of the two groups). Considering that ␤-actin is a highly transcribed gene, these values indicate that transcription of the provirus is a highly sustained process in patients with HIV disease and that this process takes place also in peripheral blood CD4ϩ cells. According to this observation, when the pattern of virus transcription was correlated to the levels of viremia, a strict correlation was found between the intracellular levels of unspliced transcripts (but not of multi- Table II ).
spliced transcripts) and the amount of virus RNA in plasma (Spearman rank correlation test, P Ͻ 0.001). While a potential caveat of this observation is that unspliced mRNA levels are also contributed by binding of virions to CD4 cells, the simplest molecular explanation is that the proviral DNA in progressor patients is committed to the production of unspliced RNAs for the assembly and release of new viral particles.
Virus transcription pattern. The above reported quantitative determinations on the levels of HIV RNAs clearly indicate that a dramatic burst of viral replication exists in patients with progressive HIV infection, and that this is reflected at the cellular level by the accumulation of virus-specific mRNAs. The question arises whether this burst could be due to the increased transcriptional rate of the provirus, or if it results from the expansion of the pool of infected cells and the subsequent existence of more proviral DNA molecules, which act as templates for viral RNA transcription. To address this issue, we studied the levels of viral multispliced and unspliced mRNAs with respect to the levels of proviral DNA molecules in CD4ϩ cells. The results of these evaluations are presented for each transcript class in the respective rightmost columns in Table II (HIV RNA/provirus), and are graphically shown in Fig. 4 for the two groups of patients. The values are expressed as the number of spliced and unspliced HIV mRNA molecules (Fig.  4 , A and B, respectively) transcribed by each molecule of proviral DNA; exact standardization of the competitive PCR quantifications was obtained by measurement of the cellular ␤-actin mRNA molecules in RNA samples for HIV transcripts and of cellular ␤-globin gene copy number in DNA samples. Therefore, these results truly depict the transcriptional activity of the provirus in peripheral blood mononuclear cells of the patients. Surprisingly, analysis of the results indicates that the transcriptional activity of the provirus was remarkably different in the two groups. The production of multispliced transcripts was increased in nonprogressor patients (mean, 2.0 ϫ 10 Ϫ1 Rev mRNA molecules/HIV provirus; SD 2.7 ϫ 10
Ϫ1
) with respect to progressor patients (mean, 2.1 ϫ 10 Ϫ2 Rev mRNA molecules/provirus; SD 2.9 ϫ 10
; P Ͻ 0.05, Mann-Whitney rank test). This ‫ف‬ 10ϫ difference in the mean values of short RNA transcripts between the two groups was completely reversed when the genomic-length viral RNA was considered. In this case, patients with nonprogressive HIV infection had ‫ف‬ 4ϫ less viral RNA per provirus than patients with progressive infection (nonprogressors mean value, 1.4 unspliced mRNA molecules/HIV provirus; SD 2.1; progressor mean value, 5.0 unspliced mRNA molecules/provirus; SD 6.8; P Ͻ 0.05, Mann-Whitney rank test). Accordingly, when the ratio between the two viral transcript classes was considered, patients with nonprogressive infection had a mean value of 1.45 short Rev transcripts/unspliced transcript in their peripheral blood cells (SD 3.06), while patients with progressive infection had 0.01 short transcripts per unspliced RNA (SD 0.26; P Ͻ 0.01). These values are shown in the rightmost column of Table II and plotted in Fig. 4 C.
Altogether, these observations indicate that the pattern of HIV-1 gene expression in patients with nonprogressive infection is remarkably different from that found in patients with HIV disease. Viral RNA transcription in the former group of patients resembles the one detectable during the latent phase in chronically infected cell lines in which expression is inducible (18, 19, 37) , or during the early phases of the experimental infection of susceptible CD4ϩ cells (25, 26) .
Discussion
Similar to all retroviruses, one of the major determinants of the rate of HIV replication is the regulation of provirus gene expression in infected cells, which is accomplished by a complex network of protein-DNA and protein-RNA interactions involving both cellular and viral factors and connecting the control of virus gene expression to the regulation of cellular proliferation and metabolism. These mechanisms involve the control of both provirus transcription rate, which generates a single mRNA of genomic length, and of posttranscriptional processing of this transcript. While it has been relatively easy to study the pattern of HIV gene expression in experimental systems, obtaining interesting information about the regulation of these processes, these studies in infected patients have been hampered by the difficulty of getting truly quantitative data given the relatively low levels at which HIV transcripts are found in vivo. Still, several important questions need to be answered about the natural history of infection that could take advantage of the exact understanding of the kinetics of HIV replication. These include the existence of a true latency phase at the single cell level and its relationship with the CD4ϩ activation state; the role of transcriptional activation of the provirus by inducible cellular factors and by extracellular Tat protein; the function of RNA processing and translational mechanism in preventing virion protein and genomic RNA production. The understanding of some of these issues can take advantage of truly quantitative competitive PCR studies on biological samples from HIV-infected individuals.
In this work, we have addressed the issue of understanding the kinetics of HIV-1 replication in the development of HIV disease by contrasting the quantification of HIV mRNAs in samples from patients with nonprogressive infection with that from patients with the same temporal history of infection but with clear progression of the disease. Several quantitative differences were found between these two groups of individuals: (a) the mean levels of viral RNA in plasma were increased more than 3,000ϫ in progressor patients with respect to nonprogressor individuals; (b) the mean levels of provirus copies in peripheral blood CD4ϩ cells were increased more than 400-fold in progressors; (c) the levels of unspliced and multispliced transcripts in progressors were more than 800 and 30ϫ, respectively, higher than those in nonprogressors; (d) short, multispliced HIV transcripts produced per provirus DNA copy were 12ϫ more abundant in peripheral blood cells of nonprogressors, while long unspliced RNAs were more than 3ϫ as abundant in samples from progressors. These results clearly indicate not only that viral load is dramatically divergent in the two groups of patients, as suggested by previous studies (50, 51) , but also that the kinetics of HIV gene expression, including the pattern of virus mRNA processing, is different.
The quantitative HIV mRNA evaluations were performed in RNA samples from peripheral blood. Interestingly, when the levels of viremia (which is expected to reflect viral load in the lymphoid system; reference 57) and the levels of peripheral blood cells harboring HIV genomes were considered for the overall sample population, a strict correlation was found between the two variables. This observation, together with the finding that active proviral DNA transcription occurs in peripheral blood CD4ϩ cells, suggests that these cells actively participate in the highly dynamic turnover occurring during HIV infection, and supports the notion that their analysis is appropriate to understanding the kinetics of HIV replication. Additionally, it should be also observed that in the majority of both progressors and nonprogressors, the viral RNA/DNA ratios, representing the provirus transcriptional activity, are Յ 1; this indicates that in several cells the provirus is in an inactive state.
The finding that the pattern of provirus transcription is remarkably different in patients not progressing toward overt disease deserves further comment. The prevalent production of regulatory transcript mRNAs, with respect to HIV genome RNA, is a hallmark of the first phases of the experimental infection, when virus production is still not detectable and there is accumulation of viral regulatory proteins (58) . Additionally, this is the same pattern that can be found in chronically infected cell lines that produce undetectable amounts of virus and have been taken as a model for the study of viral latency (17, 18, 37). Production of replicative virus in these cells lines can be obtained by cellular stimulation with various agents that trigger cellular activation and proliferation. The finding of a similar "latency" pattern in samples of nonprogressor individuals suggests that viral replication in these individuals is a highly controlled process, with respect to progressor patients showing runaway replication and subsequent production of massive amounts of viral genomes. While the analysis of long term nonprogressor individuals in contrast with progressor patients emphasizes this different pattern of HIV gene expression, it should be considered that a pattern resembling the early phase of infection is likely to be present also in patients during the asymptomatic phase of infection, regardless whether they will become long term nonprogressors or not. Accordingly, the dysregulation of the mechanisms controlling these events is likely to occur progressively during the course of the infection, as also suggested both by longitudinal studies (15, 29) and by studies analyzing the factors that predict the rate of disease progression (14) .
Finally, it is of great interest to understand which are the mechanisms responsible for the maintenance of the early pattern of virus gene expression in nonprogressor individuals. These mechanisms can act on the organism level, by more efficient clearance of cells engaged in virus production by cytotoxic T-lymphocytes in nonprogressors (59) . Alternatively, they can act at the posttranscriptional level in each infected cell by interfering with the export of unspliced mRNA, which is required for a fully productive infection. In both cases, the definition of such mechanisms would represent a very important goal for the understanding of the molecular correlates of disease progression in HIV-1-infected individuals.
